Objective: To measure folate content in cooked foods commonly consumed in Korea for evaluating its relation to folate nutriture of college students. Design: Folate content in 32 raw and cooked foods was measured by microbiological assay after trienzyme extraction. These values and the previously published values of 110 raw foods commonly consumed in Korea were used to update the currently available food tables to estimate dietary folate intake of 106 students based on a 3-day 24-h recall. The association of folate intake with blood folate and homocysteine concentrations was evaluated. Setting: Cheongju, Korea. Subjects: Healthy college students aged 18 to 27 y old (44 males and 62 females). Results: The average folate loss in 32 foods caused by cooking was 29%. The mean daily dietary folate intakes estimated with an updated database were 406 and 305 mg in males and females, respectively. About 10% of both male and female students showed low serum folate (o6.8 nmol/l). Folate intake was positively correlated with serum and erythrocyte folate concentrations in female students (r ¼ 0.27 and 0.29, respectively, Po0.05), and negatively correlated with serum homocysteine in male students (r ¼ À0.41, Po0.05). Conclusions: Mean dietary folate intake was higher than those of previous studies since the database was updated using values obtained with trienzyme extraction. Folate intake for the general population should be re-evaluated using reliable food folate values obtained with trienzyme extraction.
Introduction
As the vital role of folate in human health has been recognized, the maintenance of adequate folate nutriture was considered to be more important than before. In order to achieve adequate folate status, three options have been proposed; increased consumption of folate-rich foods, use of folic acid supplements, and fortification of food with folic acid. Fortification of grain products with folic acid became a mandatory policy in the United States in 1998 (Food and Drug Administration, 1996) . This was followed in Canada and Chile. In these countries, folic acid fortification resulted in the increase in folate consumption and circulating folate concentration in the general population, and the reduction of neural-tube defects (Jacques et al, 1999b; Choumenkovitch et al, 2001; Green, 2002; Ray et al, 2002; Hertrampf et al, 2003; Quinlivan & Gregory, 2003) . There are still concerns about possible adverse effects such as masking symptoms of vitamin B 12 deficiency among those who consume synthetic folic acid in excess of the Tolerable Upper Intake level of 1.0 mg per day (Rader 2002; Rampersaud et al, 2003; Shane, 2003) . Therefore, it is advisable for the general population to consume folate-rich foods to increase safely folate intake (Rampersaud et al, 2003) .
There have been no data for dietary folate intake in a representative population in Korea mainly because of a limited folate database. In order to assess accurately the adequacy of dietary folate intake and decide whether a folic acid fortification policy is necessary in Korea, reliable food folate tables are essential. In addition, the finding that the combined treatment of a-amylase and protease with folate conjugase (trienzyme extraction method) provides more thorough folate extraction than the traditional treatment of folate conjugase alone discourages the use of current limited food folate tables for the accurate assessment of dietary folate intake (De Souza & Eitenmiller, 1990; Martin et al, 1990; Eitenmiller, 1998; Tamura, 1998) . Folate contents in various foods have recently been measured after trienzyme extraction using the microbiological assay (Pfeiffer et al, 1997; Rader et al, 1998 Rader et al, , 2000 Johnston et al, 2002a, b; Yon & Hyun, 2003) or HPLC methods (Pfeiffer et al, 1997; Konings et al, 2001 ). According to the USDA National Nutrient Database issued in July 2003 (USDA, 2003) , folate values have been updated using microbiological assay after trienzyme extraction.
Although folate content of raw vegetables and fortified cereals has been measured using this new extraction procedure (Pfeiffer et al, 1997; Rader et al, 2000; Konings et al, 2001; Yon & Hyun, 2003) , the information on folate content in various cooked foods is limited. Since large losses of folate have been reported during cooking (Leichter et al, 1978; Chen et al, 1983; De Souza & Eitenmiller, 1986) , data on folate content in raw foods do not provide the appropriate estimate to calculate dietary folate intake in the general population. Therefore, we determined folate content in 32 foods commonly consumed in Korea in raw and cooked states using microbiological assay after trienzyme extraction. These folate values in addition to the previously published data (Yon & Hyun, 2003) were used to update the currently available food folate tables. Using this updated folate database, dietary folate intake of college students was estimated, and the associations of folate intake with the concentrations of serum and erythrocyte folate and serum total homocysteine were evaluated.
Materials and methods

Food samples
A total of 32 items in nine food groups were selected based on the Report on 1998 National Health and Nutrition Survey (Ministry of Health and Welfare, 1999) , which provided us with the information on the cooked foods that are most frequently consumed in Korea. Each food was purchased in two local markets or from two independent companies, and cooked with a different cooking method and duration. Rice was cooked in an electric rice cooker, pork was broiled on a frying pan, fish (mackerel and saury) were shallow-fried, and dried laver was toasted over an electric stove. All the other foods were boiled in 7-10 times of water in weight (Leichter et al, 1978; De Souza & Eitenmiller, 1986) . After boiling, samples were placed in a sieve, and a paper towel was put over the samples to blot the moisture. The time required to achieve a 'cooked' state of each food, which is dependent on the food item and amount, was determined by preliminary experiments or by visually checking. Since we cooked foods in smaller amounts (1-100 g) than conventional cooking, the duration of actual heating was generally shorter than customarily practiced (Table 1 ). In addition, to evaluate the effect of excessive cooking, 12 foods were cooked for a longer time period than actually required, and this was identified as 'overcooked'.
The sample weight was measured before and after cooking; thus, weight changes due to cooking were taken into consideration for the calculation of folate content. Each food, raw and cooked, was minced, and homogenized in 0.1 M potassium phosphate buffer containing 57 mM ascorbic acid with a final pH of 4.1, and these homogenates were stored at À701C until analysis.
Enzyme treatment
Before folate assay, the samples were treated with a-amylase, protease and folate conjugase. Protease and a-amylase were purchased from Sigma Chemical (St Louis, MO, USA), and were dissolved in distilled-deionized water at concentrations of 40 mg/ml. As a source of folate conjugase, rat serum was used (Daehan Biolink, Eumsung, Chungbuk, Korea). To remove endogenous folate, a-amylase or rat serum was mixed with one-tenth volume of activated charcoal (Sigma Chemical), stirred for 1 h on ice and filtered through a microfilter (0.20 mm, Nalgene, Rochester, NY, USA). Protease and a-amylase solutions were filtered using a microfilter immediately before use to minimize a possibility of bacterial contamination. After these treatments, no measurable folate was detected in all enzyme preparations.
Food homogenates were heated at 1001C for 10 min. After cooling to room temperature, a portion of heat-treated homogenates was first incubated with protease for 2 h at 371C, and heated at 1001C for 10 min to inactivate protease. After cooling, the mixtures were incubated with a-amylase for 2 h at 371C. In most cases, 8-80 mg of protease and aamylase per 100 mg of the original food were used. After centrifugation at 5000 Â g for 10 min, the supernatant was treated with folate conjugase at 371C for 2 h. In most cases, 100 ml of rat serum (folate conjugase) per 60-200 mg of the original food were used. The mixtures were stored at À701C until assayed.
Food folate determination
Folate content was determined by microbiological assay using Lactobacillus casei (ATCC 7469). 5-Formyltetrahydrofolate (calcium salt, Sigma Chemical) was used as a standard. The growth of L. casei was estimated by measuring the turbidity at 600 nm using a microplate reader (Tamura, 1990) . All analyses were performed under dim light. Two pooled food samples were simultaneously assayed to monitor day-to-day variation of microbiological assay, and the coefficient of variation was approximately 10%. Recovery studies were performed to assess the loss of folate during the extraction and folate assay. For example, 1 mg of 5-formyltetrahydrofolate was added to a gram of dry samples of noodle, spaghetti and rice before homogenization. After trienzyme treatment and folate assay, on average, 96% of added folate was detected. The percentage of folate loss due to cooking was calculated using the following formula: (folate content in raw foodÀfolate content in cooked food based on raw weight)/folate content in raw food Â 100.
Subjects
Healthy students aged 18 to 27 y old (44 males and 62 females) were recruited for the study through an advertisement on the Internet Homepage of Chungbuk National University located in Cheonju, Korea in March 1999. None of the students were taking a folic acid supplement 3 months before and during the study. After the nature and purpose of the study was explained, informed consent was obtained from 106 volunteers. The protocol of this study was in accordance with the declaration of Helsinki. Dietary intake data were collected by trained interviewers using a 24-h recall method for three consecutive days (Lee & Nieman, 1996) . Blood samples were collected after overnight fast following the 3-day dietary survey.
Calculation of dietary folate intake
We used the database (Korean Nutrition Society, 2000) in nutrient analysis software, DS24WIN program. Folate values in this program were updated by substituting those in 110 raw and 32 cooked foods analyzed in the study presented here in addition to our previously published values (Yon & Hyun, 2003) . Cooked food folate values were calculated by considering the percentage of folate loss assessed in this study.
Blood sample and analyses
Blood samples were collected using evacuated tubes, and rapidly chilled in a cool-box containing a freezer pack, and serum for folate and homocysteine analyses was separated within 60 min after blood samples were drawn. All samples were stored at À701C. Blood samples to determine erythrocyte folate were collected in heparin-containing tubes and were hemolyzed in potassium phosphate buffer (pH 4.5) containing 1% ascorbic acid. Serum and erythrocyte folate concentrations were determined by microbiological assay using L. casei (Tamura, 1990) . Serum total homocysteine was determined by high-performance liquid chromatography with fluorescence detection using homocysteine thiolactone as a standard, and the day-to-day coefficient of variation for this assay using pooled human plasma was about 8% (Tamura et al, 1996) .
Statistical analysis
The results are given as means and standard deviations, where appropriate. The differences of the means between male and female students were tested by Student's t-test.
Pearson's correlation coefficients were calculated to investigate the association between folate intake and blood folate and homocysteine concentrations. All analyses were performed with the SAS software (Version 8.2; SAS Institute Inc., Cary, NC, USA). The average folate loss in 32 foods caused by cooking was 29%. In grain products, folate loss ranged from 19 to 36%. During cooking, the weight of cereals and grain products is greatly increased with the exception of corn. For example, a 30-min boiling of rice increased the weight from 100 to 200 g in our experiment. After weight change was considered, folate content in rice decreased as much as 26%. Mean folate loss due to cooking in 11 vegetables was 32%, ranging from 15 to 70%. Folate in the mushroom group seemed to be unstable and boiling for 30 s resulted in 35-74% decrease in folate content with an average of 55%. In contrast, small folate loss (6-8%) was found when eggs were boiled. Furthermore, a 35% of folate was lost after pan-broiling pork loin for 3 min, and 23-52% was lost after fish was shallow fried.
When 12 foods were cooked longer than actually required for a 'cooked' state, the average loss of folate increased from 36 to 45%. More folate in vegetables, mushrooms and fish was lost when they were cooked longer. Folate content in the meat and poultry groups was not affected by prolonged cooking. Table 2 shows general characteristics and folate nutriture of 106 students. Daily energy and folate intakes were significantly higher in male than female students. The mean daily dietary folate intakes were 406 and 305 mg in males and females, respectively. A total of 142 foods, of which folate content was analyzed by us, provided 85% of the total folate intakes in these students.
Folate nutriture of Korean college students
There was no significant difference in folate intake adjusted for energy intake and folate nutriture between male and female students, although absolute dietary intake of folate was higher in male students. About 10% of both male and female subjects showed low serum folate (o6.8 nmol/l), and 5% of the subjects had serum homocysteine higher than 15 mmol/l.
Folate intake was positively correlated with serum folate and erythrocyte folate concentrations (r ¼ 0.27 and 0.29, respectively, Po0.05) in female students, and negatively correlated with serum homocysteine in male students (r ¼ À0.41, Po0.05). Serum homocysteine concentrations were also negatively correlated with serum folate in male and female students (r ¼ À0.35 and À0.38, respectively, Po0.05), and with erythrocyte folate in female students (r ¼ À0.30, Po0.05). Table 3 shows 10 foods that are the major folate sources of male and female students independently. The major contributing foods to folate intake included Kimchi (a traditional fermented raw cabbage dish) and cooked rice for both male and female students. Beer and muskmelon were included among the 10 major contributors in male students while cow's milk and red bean paste were included in female students.
Discussion
Effect of cooking on food folate content We measured folate content in 32 foods, raw and cooked, commonly consumed in Korea after trienzyme extraction. Our data indicate that cooking resulted in folate loss from 2 to 74% depending on the type of food, cooking method and duration of cooking. Cooking methods widely vary depending on the type of food, dietary habits and culture worldwide; thus, folate intake may vary even among people who consume similar types of food. For example, even though it is known that folate in vegetables is destroyed in a lesser degree by microwave cooking than conventional cooking (Klein et al, 1979) , vegetables are usually prepared by boiling in Korea. Duration of cooking is also dependent on the type of food and the amount of food cooked. Therefore, in the Folate intake estimated with an updated database, blood folate and homocysteine YH Han et al present study, we cooked each food with a different cooking method and duration, although most investigators boiled different foods for the same amount of time to measure folate loss during cooking (Banerjee & Chatterjea, 1964; De Souza & Eitenmiller, 1986; Leichter et al, 1978) . Spinach has been the most extensively studied food to investigate the effect of cooking on folate content. Leichter et al (1978) found a 78% loss of folate by boiling 20 g of spinach for 10 min. Chen et al (1983) observed a 33% loss of folate in 60 g of water-blanched spinach for 3 min. De Souza and Eitenmiller (1986) showed an 83% loss by boiling 4 kg of spinach for 4 min, and McKillop et al (2002) demonstrated a 51% loss after a 3.5-min boiling of 25 g. We observed a 48% loss after blanching 1 g of spinach for 30 s. It is difficult to compare these results because cooking conditions are greatly different between the studies, and most results were obtained without the trienzyme extraction method with the exceptions of those by McKillop et al (2002) and us. Leichter et al (1978) found that 65% of folate was retained in cooking water, indicating that the major folate loss from vegetables by cooking was due to the leak of folate into the cooking water; thus, the amount of water used for boiling in relation to the amount of vegetable may affect folate loss. We did not measure folate content in cooking water because we do not usually consume it after blanching vegetables.
Although considerable data on the effect of cooking on the folate content of green vegetables are available in the literature, relatively few investigators have examined folate loss in other groups of food. Mckillop et al (2002) showed that boiling whole potatoes for 60 min resulted in about 18% folate loss, and their finding was similar to a 23% loss in our study. Dang et al (2000) investigated the effect of soaking and boiling on folate content in peas, and reported that leaching into the soaking and cooking medium was the major cause for folate loss. In the present study, fresh kidney beans were boiled for 10 min and dried red beans were boiled for 30 min without soaking, and we found 14 and 19% losses, respectively.
Folates in animal foods have been reported to be stable during boiling and frying (Ball, 1998), and McKillop et al (2002) showed that cooking beef resulted in a negligible amount of folate loss, even after grilling. However, our data show a 27% loss after boiling beef, a 35% loss after panbroiling pork loin and a 23-52% loss after shallow frying fish, whereas small folate losses (6-8%) were found when eggs were hard-boiled.
When 12 foods were cooked for a prolonged period, the average folate loss was increased from 36 to 45%. As Ball (1998) reported, the majority of folate loss during boiling occurred in the first minute, and the loss was not increased in a time-dependent manner. McKillop et al (2002) showed that prolonged grilling of beef did not result in a significant decrease in folate content; however, they showed a significant decrease in folate content with increasing duration of boiling spinach and broccoli. In contrast, Leichter et al (1978) reported that folate content in broccoli was not affected when the cooking time was increased.
Folate nutriture of Korean college students Folate content of each food was measured from two different samples in this study, and we have previously reported folate content of the same raw foods using three individual samples (Yon & Hyun, 2003) . Therefore, when we updated the folate database, we used average folate values from five different samples of 32 foods and three samples of 78 foods. Cooked food folate values were calculated by considering the percentage of folate loss assessed in this study.
Mean folate intakes estimated with an updated database were 406 and 305 mg in male and female students, respectively. These are about 1.8 times higher than the values calculated based on the existing database alone (Hyun & Han, 2001 ). This is due to the increase in food folate content with the use of trienzyme extraction, which provides higher values than conventional folate conjugase treatment alone. Our results are also higher than published intake data from national food consumption survey (de Bree et al, 1997; Ford & Bowman, 1999) , and we think that it is because these intakes were estimated based on the folate database without trienzyme extraction. Mean dietary folate intake of adults in (Ford & Bowman, 1999) . Mean dietary folate intake from unfortified sources was also reported to be 200-280 mg in USA, Netherlands, Denmark, Finland, Spain, and Costa Rica (Jacques et al, 1999b; de Bree et al, 2001; Rasmussen et al, 2000; Alfthan et al, 2003; Planells et al, 2003; Kim et al, 2003) . Thus, it is apparent that food folate tables with values obtained after trienzyme extraction should be established to better estimate folate intake. However, it is difficult to compare directly folate intake data from various countries. In addition, folate intake may be grossly overestimated because except 32 foods, folate values of raw foods were used; thus, folate losses by household preparation have not been completely taken into account. When our result of the average 29% folate loss by cooking was taken into consideration after estimation based on raw food data alone, mean folate intakes were 317 and 246 mg in male and female students, respectively. These values are obviously underestimated because some foods such as Kimchi are consumed in the raw state. As mentioned by Tamura (1998), we must keep in mind that previously estimated dietary folate requirement may have been underestimated and folate bioavailability from our diet may have been overestimated. In many countries where folic-acid fortification of cerealgrain products is not mandatory, vegetables are the major contributors of folate (de Bree et al, 1997; Vahteristo et al, 1997; Iwatani et al, 2003; Ogle et al, 2001) . Since vegetables are not always consumed in the raw state and cooking results in large folate losses, the information on folate content of raw vegetables alone does not make it possible to estimate dietary folate intake accurately. In our study, the mean folate loss by cooking in 11 vegetables was 32%. Even after folate values in commonly consumed cooked vegetables were substituted with our newly analyzed values, vegetables were the major folate source contributing 38-44% in our subjects. Among vegetables, Kimchi was the most important folate source which is high in folate content (115 mg/100 g; Yon & Hyun 2003) , and Koreans eat Kimchi at nearly every traditional meal. Furthermore, an accurate folate content of cooked rice is also important for most Asians, since their main staple food is rice. According to the results of the 1998 National Health and Nutrition Survey, rice consumption was 216 g per day per capita (Ministry of Health and Welfare, 1999) , indicating that the average folate intake from rice of Koreans is about 39 mg after consideration of 26% cooking loss. This intake from rice is equivalent to about 10% of the FAO/WHO recommendation (400 mg).
The mean serum folate concentrations of the subjects in this study were comparable to those of the representative US adults in NHANES III, 1988 -1994 Ganji & Kafai, 2003) . However, the mean erythrocyte folate concentrations of our subjects were much higher than the data from NHANES III (Ganji & Kafai, 2003) , whereas the values were comparable with those in other studies carried out in USA and Canada prior to fortification as well as in Denmark and Korea where not exposed to fortification (House et al, 2000; Rasmussen et al, 2000; Choumenkovitch et al, 2001; Ahn et al, 2002) . Homocysteine concentrations in our study were lower than those reported in UK, Canada, Netherlands and USA, (Bates et al, 1997; Ray et al, 2000; de Bree et al, 2001; Jacques et al, 2001 ), but were similar to the values (6.4-7.6 mmol/l) reported in Korea by other investigators (Lee et al, 1998 (Lee et al, , 2000 . Other studies carried out in German, Denmark and Costa Rica also showed similar homocysteine concentrations to those in our studies (Bronstrup et al, 1998; Rasmussen et al, 2000; Kim et al, 2003) . It is unclear why these subjects showed high erythrocyte folate and low homocysteine concentrations without folic acid fortification and supplementation, it might be explained by ethnic differences and the fact that these subjects were young and healthy (Jacques et al, 1999a; Rasmussen et al, 2000) .
The mean serum folate concentration in male students was lower than female students (Po0.06), whereas the mean folate intake was higher in male students (Po0.0001, Table 3 ). The prevalence of a low serum folate (o6.8 nmol/ l) was 10%. In addition, folate intake tended to be negatively correlated with serum folate in male students. One reason to explain a negative correlation might be high intake of beer, and alcohol intake negatively affects serum folate concentrations (Eichner & Hillman, 1973) . Similar findings that men had lower mean concentrations of serum and erythrocyte folate than women have been shown by other investigators (Lim & Heo, 2002; Planells et al, 2003; Ganji & Kafai, 2003) . Folate intake was positively correlated with serum folate and erythrocyte folate in female students (Po0.05). Some investigators have failed to find a positive relationship between dietary folate intake and plasma folate concentrations in both men and women (Alfthan et al, 2003; Planells et al, 2003) . This might be in part caused by food folate tables that are established without trienzyme extraction, and accurate and reliable food folate tables are urgently needed.
In summary, we provided new information on folate content of 32 cooked foods commonly consumed in Korea and folate intake calculated based on this new information. Cooking resulted in an average folate loss of 29%. Our results show higher folate intake than other studies in the literature, probably due to updating the database by substituting 142 folate values obtained with trienzyme extraction. To our knowledge, our study is the first to associate folate nutriture and folate intake which was obtained using trienzyme extraction.
